The most attractive feature of the convergent synthesis is that it requires few transformations per molecule in the coupling step. The reaction can be driven to completion with equivalent or only a slight excess of reagent, providing greater structural control in preparing well-defined (un)symmetrical dendrimers. Due to our interest in developing new dendrimers, we became involved in exploring efficient click reaction that provides an easy access to dendrimers. Here we present the convergent synthesis of triazole dendrimers by trimerization of acetylenic dendrons via click chemistry using tripodal core, 1,3,5-triazidomethylbenzene.
Experimental Section
General procedure for the preparation of acetylenicdendrons 2-Dn. N,N'-Dicyclohexylcarbodiimide (0.3 mmol) was added to a solution of propiolic acid (0.3 mmol) and the corresponding dendritic benzyl alcohols (0.3 mmol) in CH 2 Cl 2 (5 mL) at 5 o C. The reaction mixture was stirred for 2 h at the same temperature and a further 12 h at room temperature. The resulting suspension was filtered and the filtrate was concentrated and purified by column chromatography (EtOAc/Hex) to afford the pure product 2-Dn. 152.5, 136.7, 106.3, 100.7, 75.4, 74.6, 67.8, 55.4 1, 160.1, 152.5, 139.1, 136.8, 107.4, 105.3, 102.3, 100.0, 75.4, 74.6, 70.1, 67.7, 55.4 1, 160.2, 160.1, 152.6, 139.3, 139.2, 136.9, 107.5, 106.5, 105.4, 102.3, 101.8, 100.1, 75.4, 74.6, 70.2, 70.1, 67.8, 55.3 1, 137.7, 136.4, 128.0, 127.8, 107.3, 106.4, 106.3, 105.3, 102.0, 101.6, 99.9, 70.0, 66.6, 55.5, 53.4 
Results and Discussion
The synthetic strategy for triazole dendrimers 3-Gn utilized a convergent method using tripodal azides 1 and Fréchet-type acetylenic-dendrons 2-Dn (Scheme 1). The Fréchet-type acetylenic-dendrons 2-Dn (n = 1, 2, and 3: generation of dendron) were synthesized by DCC coupling of propiolic acid and the corresponding dendritic benzyl alcohols (Figure 1) .
To test the effectiveness of the dipolar cycloaddition reactions of tripodal azide 1 and acetylenic-dendrons 2-Dn, we have reacted 1 with 2-D1 in toluene. The cycloadduct 3-G1, which can be seen as first generation dendrimer was obtained in good yield contaminated with dendritic isomer having 1,5-disubstituted 1,2,3-triazole units. The reaction could be checked by IR spectroscopy by following the disappearance of the N3 stretching band at around 2100 cm −1
. The generation and disappearance of the intermediates, which are mono-and/or di-triazole derivatives, were monitored by TLC runs of the reaction mixture. Both the 1,4-and 1,5-isomers of 1,2,3-triazole moiety, known to be generated from the azide and acetylene reaction, 11 were also formed in the reactions of 2-D1 with benzyl azide (Scheme 2). At 80 °C in toluene the reaction provided the 1,2,3-triazole product in 93% yield with the 1,4-to 1,5-isomers in the ratio of ~3 : 1. 12 To reduce the generation of 1,5-disubstituted 1,2,3-triazole units in the dendrimers, we adapted a literature procedure, where the role of Cu(I) Scheme 1. Synthetic strategy of triazole dendrimers by trimerization. Reaction condition: toluene, CuI, 50 °C. species in Huisgen [2 + 3] dipolar cycloaddition reaction has been proved to influence the regioselective product distribution. 13 The reaction of 2-D1 with benzyl azide in the presence of CuI at 50 °C in toluene provided the 1,2,3-triazole product in 95% yield with ~8 : 1 ratio of 1,4-to 1,5-isomer.
To synthesize the triazole dendrimers, we investigated the reactions of tripodal azide 1 with acetylenic-dendrons 2-D1 in the presence of CuI at various temperature in solvents such as toluene, THF, DMF, and THF-toluene mixture. The reaction conducted at 50 °C in toluene provided the most satisfying result and led to the first generation triazole dendrimer. With this optimized reaction condition, we synthesized the triazole dendrimers by the trimerization reactions between tripodal azide 1 and acetylenic-dendrons 2-Dn. The reaction of 1 with 2-D1 in the presence of CuI at 50 °C in 0.05 M solution in toluene provided the triazole dendrimer 3-G1 having just 1,4-disubstituted 1,2,3-triazole units in 59% yield. Other isomeric products of the reaction are the triazole dendrimers containing two 1,4-disubstituted 1,2,3-triazole units and one 1,5-disubstituted 1,2,3-triazole unit (~18%), and a 1,4-disubstituted 1,2,3-triazole unit and two 1,5-disubstituted 1,2,3-triazole units (~3%). The same reaction conducted in 0.015 M concentration afforded the desired product 3-G1 in 70% yield and reduced the generation of isomeric triazole dendrimers. 1,4-disubstituted 1,2,3-triazole units and one 1,5-disubstituted 1,2,3-triazole unit. These observations suggested that the Cu(I) species, steric effect of the dendron, and kinetic factors controlled by concentration are crucial in the formation of the desired 1,4-disubstituted 1,2,3-triazole dendrimer. The reaction of 1 with the third generation dendron 2-D3 in the presence of CuI at 50 °C in 0.002 M toluene solution provided the third generation triazole dendrimer 3-G3 in 66% yield having only 1,4-disubstituted 1,2,3-triazole units without any isomeric dendritic components. This observation indicates that the steric hindrance of dendron is important factor in ruling out the generation of 1,5-isomeric unit in trimerization reaction between tripodal azide and dendrons. Thus, the formation of triazole between tripodal azide and acetylenic dendrons can be regarded as a new approach to construct various dendrimers.
All compounds were confirmed by 1 H and 13 C NMR spectroscopy and exhibited very good correlation with the calculated molecular masses as evidenced by their FAB mass spectra. From their 1 H NMR spectra (CDCl3), the peaks of the benzene protons of core and the triazole protons in dendrimers 3-Gn were found at 7.16 and 8.03 ppm for 3-G1, 7.16 and 8.02 ppm for 3-G2, and 7.06 and 7.90 ppm for 3-G3, respectively. As the dendrimer generation increased, the peaks of the benzene protons of core and the triazole protons showed up-field shift. In third generation dendrimer (Figure 2 ) it is observed that the benzene protons of core and the triazole protons are influenced by the larger dendritic effect changing their microenvironment.
In summary, we have demonstrated that the trimerization reactions between tripodal azide and acetylenic dendrons lead to the formation of 1,4-disubstituted triazole dendrimers in high yields. Furthermore, it is found that the presence of Cu(I) species, steric effect of the dendron, and kinetic factors controlled by concentration are crucial in higher yields of the 1,4-disubstituted 1,2,3-triazole dendrimer. This unique reaction may provide an insight into designing various symmetrical dendrimers. We are currently working towards various functional dendrimers using this strategy for various applications, such as the templated synthesis of nanomaterials. 1 H NMR spectra (CDCl3) that the triazole proton of 1,4-regioisomer was found at 7.97 ppm and in the corresponding 1,5-isomer it was shifted downfield to 8.17 ppm. 160.9, 158.1, 138.5, 138.3, 136.7, 134.8, 128.7, 128.4, 128.0, 106.2, 100.3, 67.2, 55.3, 53.5 . For 1, 
